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ARSTRACT
Concery has been expressed that dzg]vCL vl ether of bilsphenol

C
(DGE3A)Y, a ma1or component of DER 331* epoxy resins, may

meaningful repeated inhalation axposure studies cannot be
ted. Thus oral toxicity studies have heen p:onoqod as

zan alterrate means to evaluate the hazard. Th & purpose of

this study was to obtain preliminary data on the metabelism

and kinetics OX DGE&A. Te rationale being that oral toxicity

' data cculd be used ©0 predict the inhalation hazard, if the

fate of DGEER were route-~independent.

L

An atmosphere suitable for a si nq;e 6 hr inhalatipn expgosure

-4 TEC-DGEBA could noi be generacved. = Thus Lnt avenous

administration was subscituted for the lnhalatlon routp
| 14

Poute dependent differernces were observed in the plasma C-

14
concentraticn time DruIllE, tissue/ p1asma C-ratics and

the ‘urinary 14C-e"cr on followlng oral and lnuraveﬁous
adminiétration.'_Tnaﬁe‘dlgferencea suggest that little of
14C-DGEBA_Wa3 absorbed unchanged.
Consistent with ﬁhis,*q For aftar cral administcration less
than 10% of the radiocactivity in the plasma represented

l4 14

unchanged =~ C-DGEBA. =~ C-DGEBA was not stable in simulat=d

‘gastric fluid and. degradatlon of 14C-DGEBA in the stomach or

Guring its ianiti al transit through the liver could accounc
ror the route dqpendent differences observed in the fate of
C-DGEBA. These data indicate that oral toxicity data |
woul.d be of little value in aaseqSLng the inhalation hazard.
Furthermore, the lnamzllty to genexite a SU1tab1e atmosphere'
using low alrf¢ows, hlgh -cemperatures and a large surface

area sugcests tbat 1nhalutlon is an Lnsicn icant route for

“DGEBA exposure.

* . - ) "" . .
Trademark of The Dow Chemical Company.
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INTRODUCTION

" The objective of these studies was to provide data ca the
’ - utility of conducting oral toxicity studies to assess the
 possible inhalation hazard asscciated with the diglyvcidyl

.erher of bisphencl & (DGEBA). DGEBa, a bifunctional epoxide,

LS the ma jor regutlve component of DER 331* epoxy resins. Al-
though no humai exrcsure data are available, 1t nas ‘oeen |
=4peuuidted that DGEBA may reprasent’ an inhalation hzzard .
_ | o _7hecause it contains two reactive epoxide bonds. Ideally, an
- f . . 7 inhalation study should be conducted to as ssess a potential
' .~ inhalation hazard. However, berausc of the physical wropertlc
o DGEBA, 1t is unilke+y that an atmospaere sultable for a
| rééaated exgosure inhalation Snuay could be ceneratesd.
?.;_,1- - Therealore, oral toxicity data have been proposed as a means

to assess the hacard ‘associated with inhaled DGEBA.
It is generally recognirzed that toxicity 1s a function of the

1 the becav, an a'hnat route dependen* differences in thb

- - fate of a chemical may flgnlflcantlj alter its toxicity.

This study was undurtaken to orovldu prel;mlnarv data on the

metaboliism and kinetlcs of 14C-DGEBA._ The work described in

- = o this report wWas designed: (1) to determine if an atmosphere
: ccuid be generated that would be suitable for a single
_"‘ o o exposure inhalation kinetic ztudy with 14C ~DGRBE, (2) to
o compare the fate of 14u-DGEBA following oral and intravenous
o 'adminlstfation, (3) to determine the stability of 14

C-DGEBA

in simulated gastric'and intestinal £luid, and (4) to compare
the chromatograph_c profllﬂ of radloactLVLtv in plasma following
oral and 1ntravenous admmnlatratlon of 14C DGEZBA.

’ L
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Trademark of The Dow Chemical Company.
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MATERINLS

r

“Animais. Male Fischer 344 rats welghing 195-230 g were ob-

| i tained from Charles River Sreeding Laboratories, Wilmington,

'{ o -t -Massachusettis. The animals were housed in rooms designed to -

| maintain a'constant temperature (72 + 2°F), humidlhj (50 * lO%),
L2 -hr DHOtGLYCle, and 10-12 air changes per hour. Ralatan

r . _ | PLrlna Rat CHOW'_nd tap waiter were hva1lable ad libitum excert
a?QI{g: -;Q ijrf;fcr an 18 hr fast prior O daszng the rats used tc define tne

_'h:-fﬁj;frffﬁjj ;'cnromatogr=pnlc prcflle of the plasma radloactlv;t; When

f?if”}JJ-:;,  7'f reaulrea bv. the study objmctlves, jugla* ana: blllary cannulas N |
;f T ware implanted 48 hr. prior to » dosing using sh;nda*c surgical -
T£~”g}” {i,i“ﬂ-' Hrocedd '**l ,jn:'i* | ‘_; |
=i. _ - . Test Material: g,é';Diglycidﬁl etherféf bisbhenol Afisoprcpyliu
E 'dine, me thvlene-—14 (14C4DGEBA- Lot £ES-TDL-124) was svnthetized
. Erom. 14C ;anele& blqahenol A by T. Llcky of The Dcw ”hem1Cal |
- :Company |
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| | | Locatloq Gf carbon~l4 label

The radlotvacer nad a specific act1v1ty of 7.98 Lclfmg and a
radlcchemﬂcal purltv of 98% as determ¢ned by high pressure
liguid chromatogranhy (&PLC) with Lractlonal collectmon and

| Carbon~14 analysis of .the column efflﬂent (7. Llcky, 1979).
J ;ﬁﬁ_ o o Reagent grade DGEBA (Lot #339391) was used to adjust the qperlflc
| N . | 14
g2 B - . activity of the C~DGEBA 1n the vapor generatzon experiments
A1t | and as an 1nternal standard for the HPLC analysxs. '. 7
D | - ' ) o |
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‘Vapor Generaticn: Reagsnt grade DGEBA or a mixture of E

1 '

reagent grade and L ‘C-DCGEBA (specific activity 1.3 X 10 . }
i

dpm/g) was dissolvea in metavlene chloride (JeClé}. An ali-~
guot of the MeCl., soliution was applisd to a glass wool plug

"lodged in the center weii af 3 yaporization flask (Figure 1}).

-fé;~,h'¢if,f .Tha'MeC12 washrEmcved bv evuaporation. The flask was then

';'?f;f.§ ;€p1aced in a neatlng mantle and connected to thn chamber as

oa ‘:._dePlCtLd in Flgura 2.  When conwected in this manner, air

o __:}:: - passeq th raugn a Drierite® container, a flow me ter, the vapo ri-

f?_3Lﬁ{ fJ+‘ zation flask, a 30 liter gl=ss inhalation chamber, a cold
e finger trap cortaining 50 ml of, M_Clj and 1mme“shd in a dry

ice pa<th, and a seuond.flow meter. The l:1e conﬁéctlna the

* ) vaporlzatlon flaﬂ“ 5 the chambe* was. constructed of 1l incn

" f“'f'_m i.d. glass tubing. This line was 40 cm long and contained
one 90° bend mlS am abgve the glass wool plug. There were

“}_ £Wo . ports R e! this line through which a thermocouple could be
'lnserthd or samples of the air stream collectad. One port

e T WJS w5 cm ‘above tne glass woeol plug and the vther port was

%13 cn upstreamrfrom he chamber. e

uﬂ;i—_J- - :fh'51Dur1ng ;he takal vaporlaatlons, the outer sucface of thg

,i+ . vapcrization flask was heated to 410°C. Air was passed througn
@1; . *2H~f;:fthp vapor1*at10n £lask at 8 1/min. At this airflow, the ten-
;;?‘L o ;,]f;f! perature oz the air stream 5 cm above the glass wool plug and
aﬁér'_,ﬂ,ff“;;_ “13 cm from the chambﬂr was 140°C and 21- 27°C, respectively.

o4 'Known volumes of alr (%30 1) were drawn V*u the ports and

- Lo L A e B e

passed through cold Flngev trapq containing 50 ml of MeCl,.

. The amount of  DGEBA- trapped in the cold fingmr trape was
;determlnea by.radlcact;VLty_or HPLC analysls. .The concen-

trations of DGEBA in the air stream at the two sample ports
f;and exiting the chamber were calculated from the amount of .
DGEBA trapped and the vo;ume of air sampled.
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r adnintuternd 14C PIRTIIRFAN

R Y [T

Fate of Orally and Intravenouelt
] . .
ch—ﬂGtHA was either alssolvea in corn oil and administevcved

by gavage, or suspendad in fresh heparinized rat plasma aad

auﬂlﬂlstt ed via the juqular cannula. The oral dose was

el

1) and the inctravenous dose was 90 ug (0.70 wCl);

v
o E
0
~
=
R

GZL lqﬂmneeea. rollowing dosing, the rat with the bile cannula
 was Dlaced in a restfaining cage. The other rats were placed 1n
Ltnd¢VLaut; gla ss Rotq-tynt metabolism cages. 1I1’1.535111121,., urine

feces and bile samples were collacted at tht tﬂtcrvals 11 ed

| edbelow;,. ' | | | o IR '

T L 14 o
Hrs A Fler Admlnlstratlon ot — C-DGERA

r

fﬁ?iﬁ;;”SIOOd S - Q. S l O 'l..;;S, 4, 6, 8, 10,712, 18 and 24

Wooxte o Urine 6 1° Jnd 24

. ﬂ-Fecesf-t"-'.ﬂ 24 Lo

] ;__Eile*; . 1, 2, 3, 6, 12 and 24
__‘__.H ) 1. & ' -- .t | '. . w ) . * . . ‘;: ’ ) '..-.

"' . Bile cannulated an.mal only.

ciTes T The blood was centrlfuged to obtain tbe plaana. ‘Urine and bile

f&i{if_;j}f.f' were collected ang stornd Frozen until analyzed "Aliauots
 ,>?T: .;;: ‘;'of the: plasma, urine and blle were added dlrectly to ACS ;T,;.
-fﬁ?ﬁi N ’+ef liquid scintillation cccktall lMalllrckrodt Chemlcal Company)

_- i ..' and analyzed for radloect1v1tv. Al anrmals were satrlflrcd

” s o 24 hr after dOSlng.~ The llver, lungs, kidneys and ‘intestines.

- : | - were remcved from the nen-bile cannulated animals. The -

ff‘ff.f*7:fif lnteatlne was sectloned and flushed with water to remove the
_ N _* .~ _-. intestinal contents.' 'Agueous homogenates of-the intestine
_13-3?1?':*3711f-and feces were Drepated.j Aliquots of the tlssues; feces and .
= ~¢.tf 7 . intestinal contents were oxidized in a’ blologlcal materials

oxidizer. The 14C02 produced dutlng ox1datlcn was trapped

'3j‘”ffand quantltated usinq standard laberatory proredures.

1HPLC analyqls demonstrated 14C-DGEBA. bes stable in rat
.. . plasma. over the intzrval taken to prepare and administer
o f the dose solutlon._fr:.- e ST EE ¢

* * : .
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Stabilitz_of LqC-DGEBA in Simulated Gestric and Intastinnl

il sy oSl i il S ek il gl A i g B k. Al g g g Sl gy Pl il A g, S—
el

_ _ Fluid: Simulated gastric and intestiral fluid were srepared
*'l | - is described in the 1970 U.s. Pharmacwsoela. ll“-DGFE& Was
ff*f '_ o - added to 2 mi of thne simulated gastric or intestinal £luid
' and incubated in a 37°C water bath. Secquentizi aligquots of
the incubation mixture were removed 5, 50, 120, and 180
.féaétric anlv} mihutes after +he start of the incubaticn, and
* neutalized with 0.2 N KOH or 0.1 N $CL. Aliquots (20 ul)

.. ef the neutrallzed incubation mixture were analyzed by aigh

%
'g
t'
:
} '
!
E-.

seeitvn el pressure lquld uﬁronatog*a rhy (HPJC) j : _ .

. - . . a - .
. - "_r." . .'1 ""‘l - - - r ' g

‘fﬁfgﬁgﬁii{u**”"éhramatéqfapﬁiderofilé of 2lasma Radicactivitv: The dose
~ffff}‘t_f::*:'_-SUlutiQns wore prepared and administered as previously

‘AET;EL" S ‘descéibed sxcept that the amount of radioactivity adminicterei
Finiﬁvlif”_)fj.‘ﬁasiincreaSed in this segment 37.8 and 8.5 uCi of LQC-DGEBA/

- . animal- were administered orallv and 1ntraVunou5Ly, *esgectively.
Admlulstlatzon of Ekhe oral and intravenous dosing solutlons
were alterﬂatﬂd and staggered in time to control for variation
due to seauence of adm4nlstratlon, sacrifice and analvsis. |

_ | The animals were killad by ezsangulnaulon 4 hr after aosxng.*

§. V.7 -+ - The blood was centrlfuged and 20 ul of the plasma analyzed
| : by H: LC. | -

1qh Pressure nguld Chromatogrug hl(Hﬁuh;: The HPLC method

-_de.arlbed bv Paul (1976) was used with minor modifications.

. The sample was applied to the column using a sample loop.

_ A | ‘. Reagent grade DGEBA was -Co- chromatcgraphed -with those sanmples
:Ef;'fg_w¢ :{' contalnlng 14C*DGEBA., Fractions (1-2 ml) of the column .
L:?f * '* df effiuent were collected and analyzed for radloact1v1ty In

: ':;J “ add;tlon the Ptlual densmty (280 nm) of the column effluent
3. févlfqif'. .was monltared to. determlne when DGEBA eluted or to quantmtate

i TS

L. 3' DGEBA in these sampleb which did not contain 14C DGEBA. The

™
4 .-
* + . . ]

HPLC conditions were as follows:

- - ' ]
- - - . ! -
] - . . " - . ' . . ]
B N L . + - . - . . . .
" ’ * ! ’ . L ‘ oo : * - . . .
- m 4 ,. L] - . & 4 r
. L ¥ - . . }
- . W . PR - * . . ‘ LI
. - » 3 .
- . . * a@ v N »
L . » - . L]
- : - .
] L] - . . ' .
] . - | '
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Column: 30 cm x 4 mm uPorasil (Watersw Associates)
Mobil Phase: -2 ml/min going from 7 to 100% Solvent B
‘over 26 min using program 6 or 10 on a
Waters® Associates Medel 600 programmer
K - Solvent A: Fexane co :aquﬂ” 0.01% {v/v) benzene.
S Solvent B: Tetlahvdroruean eonnalnlnc 15% (v/v)
| ~aﬂetonltrlle. | |
e ~ - Thin Laver Chromatography: The ‘following samples were
-y LT 0 0 0 gpotted on five thin layer chromatography. (TLC) plates.
47250+ coated with 0.1 mm of cellulose F (E. M. Reagents):
- ::”f:: - AT ' o 14 ‘l ' . . "
LA - "l. Stock T C-DGEBA ‘
i S . -~ - . o |

Y sl 2. ‘MeCIZ ehtxact from glass wool plug used in

*:'- b L | | 14 . v ‘
Tiin s el - vapcrlaaflon C=DGEBA . T o
B S PP | + .
T S el T 3L Bile frombile cannulated rat 0 . U o~ T
; ', 4. Urine from bile cannulated rat '
Warc ome.. 7 .5, Urine from the orally dose rat .
Q;{_T CoL e One TLC plete was developed hlth each of thie frelowlng
T -solvents: dimethyl sulfoxlde, pyr*dlne, methanol, l,4- -~
I dloxane and almethyl foramlde.f The locatlon of radio-
: f{;; ;,J-fi--.act1V1ty oun the TLC plates was determlned using a beta-graph {
P P (Panax Equlpmeht leltﬂd) A ;i~h7_ Doy . ;
e T 8 . ‘* . _._.‘ . IR . R . | . , : by :
- ‘ ' - : !
----—-——--—-—-—--_--..-r—————-—-... : : #mfmﬁmﬂhm‘m e R T e e 'H'm*-c-.- ry m ‘
i

_ﬁ4 e | -. . ‘ I L | -000009
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Radicac=ivity Analysis: Radioactivity was cuantified using

a Mark II or Mark III Nuclear Chicaco liguid scintillation

A spectrometer (Searle). Counts per min (cpm) were corvacted

- 14

-Y{ . . . . for guench and bacxg:ound and cor-erted to ug equivalents
(2y)- 0f ~ C-DGEBA. | |

nNzia analvsis: Rate constants and half-lives were obtained
S Vo Sy el gt i Jl Ayt e ) :

" - ' L] | + . . 1 éi

by least squares analysis. Area under the plasma C-

S ~ceoncentration time curve (AUC) was calculated using-the

‘SRS SV trapezodial rule.: The valume af dist rlbutlon.(Vdarea) for

ETRES SORPE ST A 1‘C-DG*B& in the rat was calculated as:

R R - '

- :E-‘ - '1. ) . . . .

CENTE e T ya Te S Dose

. :11' ;: | o o - , -_.‘ - .. area | _—_—_‘_-—__—-—-—-nm-———_-' .

A R I AUC x Rate Constant for Elimination

WEEE WL T L e L LT s T e
) -° ° RESULYS '
. '::‘- -.T-r * 1 ' . -

“r{?;ﬁgiﬁf;j'hgr*Generation of DGEBA'Vanrs: 'The_system.depicted in Figure 2

o b - - was the only system'found that generated measurable concen-
R S *rahlons of DGEBA vapors at respirable temperatures. In.

;?;;f ~f‘”*f this sye’em DGEBA was placed on glass wocl to maximize the

SR PRt “surface area, and hot air (410°C) wvas used to enhance vapori-

“ rzat1oL, The line cornectlng the varorlzatlon flask and
cham. r was large, contained no restrictions, and was just
“lohg*enoug" to wermlt the air stream to cool to a vesplrable
“temperature (m22°C) However, even under Lhese c01d1t$ons,
it was not poss:ble to generate an atmosphere contalnlng

':" SUff G}Eﬂt 14C“DPEBA for a klnetlc study. IR

- -
3 )
[ B . -
. - l' i h - . .o - - h. !‘ -1 l-"r N _ '
.- J . oy - : » A * -, . . Y T . ' . .- F L.
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- . o e N . 7. " ; .
" - T *
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In one trial the tonrsn cration of 14PwDGEBﬁ in the air 5 cm
above the "aporlsatlon rlas& was b 9 ug/lL (0.5 ppm). The
concentration ¢f 14L-DGEBA 1n air 13 cm upstream from the
. . - chamber was 0.6 pg/l (0.04 ppmj, and in the air exiting the
ﬂuP;V'i " chamber was 0.05 pg/1° (0.004 ppm). These data were con-
B . sistent with the results of other trial vaporizativn; i.e.,
significant amounts of DGEBA ¢ -11d be vapor;zed at high |
? ”tenmer tures nut the cencentratlon decreased rapidly when
4+ ... .. .. the temverature decrecased or the airflow was enstructed.
“¥iﬂ_‘;'Jﬁ:£;fR;itThe observed decrease in lé -DGEBA concentrat i0ns were
;-A‘;Qligaﬁ;i:? amtarently due to condensation since the walls of the line |
'}%;?%Eﬁfffeﬂ;ffﬁf.tsnﬁectlnr the “epotlgatlon flask to ‘the esposure chamber ) J } o
‘%3153;;: ) 't*-‘mere coated Wlth a stlcky ;1lm._ . | = L .
Q;i?ﬁ § ,Higtet'concenttaticns‘of-DGEBA.vapors may have been generated
::‘ ; in cne trial vaporlzatlon in which reagent grade DGEBA and
R S . . HPLC analySLS*were vred lnstead of 14C--DGEBA and 14C-analys¢s.
‘Lf;.[*.'t"5_‘ . In this experiment, concentratlons of DGEBA in air 5 cm abeve
f;e;?fi;;lf.';]-'the vaporlzatlon tlssk 13 cm. upstream from the chamber and
‘T{fﬁjfﬁ ;Effif:'*etltlng .the chamber ware 51.4, 150.4, and 93.2 ug/l or 3.7,
T :}“ifﬂifiilﬁfT;lO 8 -and 6. 7 ppm, respectlvely. tHowever, because the lowest
L:” AR . concentration was feund just above the vaporization flask, '
“f?*f ff§in' these data are suspect. _Even if these results are valid, '
-3 ; .t.t ;fféthe concentratlons of DGBBA.ln the alr were low conSLderlng
‘t-f%:;i‘t;f*f'* the condltlons used to generate the vapors, and the athSPhere
, ‘}ilji_t'fttif was. not suff 1c1ent1y stable to conduct an lnhalatlon exposure
LA eseaay o T o f
B SR AR T
“E T T pate of Orally 'and Intravenously Administered M%c-pgEma: .
ST Intravenous administration was substituted for the inhalation
‘ ?l;?;_;ﬁe;épi; route, slnce it was not 90551b1e to generate an atmosphere .
q? Lfﬁ;ie“'?ff" sultable for a slngle 1nhalat10n ekposure klnetlc study.
S e The lntravenous route was selected because }5 -DGEBA is
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. 2 |
placed directly into the sysfemre circulation™. The lung 1.3

_ | . 14 o )
o the only barrier inhaled C-DGEBA must cross to reach the
‘svstemic circulation and once it ernters the systemic circula-

tion its fate is independent of the rowte of administration.

Table ] presents the distribution of wadioactivicy recoverced
o | ‘ u * - £ . * 14
24 hr afrver oral and intravenous aemlnestratlon of © C-DGEBA.

i
;
|
s
i
;
)
5
i
Total recovery was low, however, the fyaction of the dose

CLe recovered folIOW1ng oral (66%) and intravenous (52%) admin-

_ d;}@"i;ﬂfg' Lstratlen'was similar in the non-bile cannulated enlmals. o |

ﬂ"f;f@}f:r*j The feces was the prlmary route of excretion following sral . = .

Sl T (53%} and intravenous (43%) admlnlstratlon. The liver was -

E;i”‘jffz ‘the primary excretorv organ for 14C-DGEBA as evidenced by

:; the ract 863 of vhe 14C DGEBA glven 1ntraveneusly was

o excreted via the bile Wluhln 24 hr. Urine was a minor route
| of etcretlon with 8 to 9% of the oral and 1n+ravenous dose
* -, excreted by this route. Another 2% of the oral and 0.5% of
- the intravenous dose eas recovered in the intestine plus
. ' contents. The tlseues, i.e. liver, kidrey, lungs. and
i.””* iatestine, cont21ned 1 £o 2% of the doee. |

-
L 3

.o v - - * T . L |
- - L ]
. . . . - - . . R . .
' - .
oy " . - . - . L]
4 * - " [ ] .

L . ~
-

L Differences were also. observed in the distribution of radio-

| e 7.7 activity in the tissues 24 hr after oral and intravenous |
'¥f%;'”7'}};;?ladmlnlatratlon of 14C-DGEBA (Table 2). The plasma contained
Tf;ﬁ;ﬂ,.ﬂ‘iF;-' three times more radinactivity 24 hr after the 0.42 mg/kg |
| ;iiref;ﬁé;'xl intravenous dose than follow1ng the 2.7 mg/kg oral dose.
:,géﬁféi;t;;}jiéln contrast the tlssne/plasna 14C-ratlos especlially for the
;';;:ﬁ;:rg;Qﬁyﬁ,llver. Lntestlne and. lungs were higher folIOW1ng oral admln-
f.?i;q; Qu:‘é:;"lstratloﬁ.u . _Tafffifé"_ ; fﬂiwi o | o

* - L] - ) -
. - - -
L 3 ] . FY . . . o= 4 - :q. - ] - - . .‘-

B B MR ; : RS . . .

E o £ ’:',-;_' .F_," .: _”':_:.__-__‘~+l_ S -# 2 . | LI | : : ' - o ‘ ‘ o . .

! §=.9%7 . Uil “Circulatory system minus the hepatic-portal system. An

- ofw oLy orally administered chemical must pass through the liver

| | B before it reaches tha iest' of the body and some chemicals

-~ -}~ . ... . are extensively metakolized and/or etcreted durlng their

i o’ - v, - initial transit through the liver. | .
| s N S e L _— T A S T
;

!

1

|

i
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The plasma ;4C-con entration time profiles following oral
- and intravenous administ raticn of 14L—DGEBA are depicted in
y quures 3, 4 and 3. Plarmaccelnetlc naraneter: derlved from
. L tha plasma 14C-data are summarlﬂed in Table 3. The absorp-

- S .= tion of radloactLV1tv follcwmng oral administration of ~ C-

” rl*f.;lﬁz .. DGEBA was rapid (t 1/2 = 0.7 hr) and tae hlﬁnest pldsma

fi;‘:f_1' ”? - LQC—concentratlcq (O. 7 ug eg/g) was observed 4 ‘hr arter
K iﬁ?ﬁf;fiﬁ’w ;'#dGSlng ‘The radlcact1v1tv was clearéa from the plasma in an -
) E:E?f;i;ff;ﬁ;:eapparent flrst-c*der manner'fcllQW1ng both cral (Figure 3) |
3f}ﬁf§£é§ii§jfj?ﬁa{anﬂ lntravencus (Flgure 4 and 5) adn1nlstra =ion. However,
1“ii§£§§f§?;§;f?_ the redlcact;v*ty vas cleared - frcn the plesma faster follcﬂﬁng”
_:'33f?§;37:3€;;{_1f oral edmenlstratlon (£ 1/2 = 4. 8 hr) than following intravenous
~fﬁ_;;g;éi;;hfi;:- {t 1/2 = 7.7 hr} acmlnlstratlon.. The ar=a under the plasna '
..'V?ﬂif???*?f;;?f.- l4C-CﬁncePtratlcn tlme curve (AUC) was sllqht ' smalxer
t?l;'_';l ) folIQW1ug oral (516 ug eq ﬂln/g) than after intravenous
efiff;ffiﬁ;fffj]admlnlstratlon (601 ug eq mln/g) | Assumlng the LaleaCthltV
_?ﬂﬁﬂl;;;éef;i:.vepresents -the same chemlcal entlty, the relatlme AUC fcllowmng
;?ﬁizz:i;i;jjur. cra1 and lntravenous admlnlatraclon suggest tnat only 17 =
.E}éﬁi;;fﬁ;fff;%; er 13% of the 570 Lg oe l; —DuEBA admlnlstered orally was
-ffﬁfﬁfﬂifﬂffieiixabsorbed.“ Hewever, or the 77 ug absc*bed 50 pg (65%) was _
{ji{ﬁifif?; .- -excreted in the urzne.- In ccntresh, cnly 8% cf tﬁe 14C
%%,ﬂfffffgc*';DGEBA administered intravencusly was excreted in ‘the urine. )
iiff';fcf;;ﬁfjaﬁThe dleerences found in the half life Zor pla=ma radioactivity,
*f};;fifiﬂiﬁff: its eacretlcn in ‘the urine, and the tissue/plasma 14C--
‘ 3 'f}ratlos suggest that the radiocactivity in the plasma following
cral and cntravenous aum;nlstratlcn of 14C-DCEBA represent
dlrferent chemxcal ent1t1es.~; SR T h
Thln layer chromatography (TLC) of selected urine and blle
samples 1nd1cated tnat dlfferent'metabolltes were excreted ‘w__ |
11 e -DGEBA. :

fcllowlng oral and intravencua admlnlscratlon cf

L
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- Based on the TLC, no unchanged 14:—DGEBA was exaretaed in
either the urine or bile. The major metabolite found 1in
the bile was aliso found in the urine following intravenous
but not oral acdministration. Metabolites of l4C-DG’=A.were
found in the urine following oral administration that were

*notifound in either thz2 bile or urine of the intravenously
dosed rat. L .

14 -DGEBA in Slnuxated Gastrlc and Intest 1nal

o7 e iStability of

;jl=j¢f55-f'Fluid: The stability of epoxides are nown to be pH
'h:iii'vuf7degendeut. Orally admlnlshered 14C-DGEBR is subjected fo

_u‘pH's_hanglnq from 1.2 1n the stomach to 7.5 in the 1ntest1ues.

'fJQ';ﬂ nyévolysls of the epnxide bond(s) in the ga<crointestinal

' tract could etplhln the, pcor absorptlcn of orally administered

. 14C-DGEBAand account for the observed differences in the

fate of orally and intravenously administered 14C7DGEBA, - ’
' - 14

Therefore, the stability of C~-DGEBA in simulated gastric

and intestinal fiuid was investigated.

- -
. & "

Table 4 presents'tﬁe resu;t obtaiﬁed wheﬁ‘14C-DGEBA was
‘incubated with simula*ted gastric or intestiazl fluid. ,

] ‘_f ' Pecovery of *adloact1v1ty applied tc the HPLC column de-
f*;ri:;r:i=:;if; . creased from >30% for the 5 min incubations to =bout 70% for
R *}ff:}=;;,+‘ incubations of =10 mln oxr more.' Radicactivity in the simu-
4 i;{"; lated gastric f;uld eluted from the HPLC column in tnree

* 5j.}?f: - d*stlnct peaks. " The first peak co-eluted with reagent grade
~%- 4 - = ... DGEBA; i.e., it had the same retention volume as the UV peak
Lo <or reagent grade DGEBA. The two rEﬁaining peaks eluted |

: | - a;ter DGEBA and based on thelr larger retentlon volumes

R represent polar ceqradation products of DGEBA._*$he fraction

min
L ]
"
L ] - 1 . - . L . T I } l
-

L - -
e e—— Sl =
. —-*'M "l"“'! g L o H‘b‘——ll-w—.—-—i‘-“ elee— i Y A Mgl W - . — -
gyl e g i < Al —————_—_— : e - e

¥ g gl e i e .
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1. o | | : , - ' ' | ‘ - 1 4 - . '
i ~ of the applied rudioactlvity which eluted as ~"C-DGEBA |

| o decreased from 77.3 to 11.0% as the incubaticn time was
';f | o increased frow 5 to 180 min. . The fraction of the radio-
| pactivity in the simulated gastric fluid eluting as polar
. "degradatien products (peaxs Il and I1r) increased from 25.8
t'l'; to 66.7% as the lncubatlon rime increasad from 5 to 180 min.
Based on these data,_the half life for the degradaticn of

14 -DG EBA in- 51nulatea gastric rluld was 70 mln.

)
. . . - ' " . . - " . .o .
'y - . .
11 - » 1 L r . . . . L 3 ) - - . I L ‘ o
. . - . ‘
- - - - i . i ‘ ) ) ' )

fff?ﬁizﬁaifjﬁ;‘,Two radloactlve peaks were ohsnrved-when the simulated
'fi;fﬁfﬁff;gj_:T: lntestlna‘ flula was subjected to HPLC. The first and lafgest_
'ﬁf;if;lef?tf:*f ceak had the same retenticr volume as *eagen* grade DGEBA.
f;éfixf*;,f.fl i_‘.The length of the incubation had nc effect on 'the fraction
*-T?Fﬂﬁg?“;'ff-ff.'of the applied rad10act1v1tY which eluted as: DGEEA or in
Coper L T e second paak ‘This suggests that -4u‘DHEBA is not rapldly

" 3352:}”“1l'; 1'hvdrolyzed at pH s found in the snall lntestlne. |

ffirﬁﬂaﬂ,'ffum_p Lhrcnatograph_c Prcflle of Plasma Pad‘oactlv:;x; Based on 7

?Effiﬁﬁ-;“lffﬂi?f?the ellmﬂnatlon and ti?sue dlstrlbutlon wata, the radlo-'n;:.i‘-ﬁ7'

factLV1ty la the plasna rollowxng oral and intravenous admln-
‘lstratlon appeared to reprssent dlffe ent chemical spec1es.
~n an attempt to verify this, rats were glvenr;4C-DGEBA by
Tj;gavage or Lntravenously, sacrificed 4 hr after dossﬁg, and
thelr plasma collecterd for ana1y51s.‘ The mean (+ SD) con~
centfatlons of radloactLVLty in the plasma of the prally *1
lntravenously dosed rats were 2514 + 5l4 and 559 + 203 ,.7 h
dpm/zo ul, res pectzvely.; Thus, "the plasma from Lntravenously
- dosed rats did not contamn sufflelent 1r-adlf:.rac.:t:L":.v:x.ty to |
permlt its chromatographlc proflle to be resolved. However,.
“'when th= piasma from the orally dosed rats was subjected to .
HPLC, less than 10% wf {he radloactl91ty eluted as ¥4C- N | |
DLEBA._ This sugrest5+that only*a small percentage of the S

orally admn.nlstered eals ~DGEBA reachea the “YS temic circula- ¢

. ..f','i._ﬁn 1A v o )s s e s,
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NISCUSSTON

-1t is generally recagnized that toxicity is a function cf

g " the chemical species and its concentration at a critical

| site(s) in the body. Observed differences in Fhe plasma

1. .- . léﬂ-concentration time profile, tissue/plasma L4C-ratios and -
P ; L 'f~.ur1nary excretion of radiocactivity following oral ana

| c ) oy
e Lnt*avenoub admlnlstrahlon cf "C-DGERA suggest that llttlL

e i< any orally admlnlstﬂred 14 C-DGEB2A is absorbed unchanged,
... . ... a2nd that the chemical identity of the radiocactivity in the

‘;;fjfjhjﬁﬁj7 Zj_u1asma depe 3 s on the route of administration. Consistent
3 1.:—; .‘1&:‘} :;l.‘; _‘-. & ,."_::' R 4 :

N A L 'Wlth this, 4 hr afﬁer oral admlﬁlstrat*un less than 10g £
g SRR 14

I A S the radloactLV¢ty 1ir the ‘nlasma rapt asented unchanged C—

N PNt " DGEBA, and the radicactivity in the urine exhibited a lew

-7 R RS
-iff?ﬁﬂi;izy_j'nn,fe;ent chromatographic profile following oral and intravenous
"4 90 .7 administration of T'C-DGEBA. Thus these data indicate that
t.;;iffl'ff:k~ . oral texicity studies would be of little value in assessing
E;ffiijﬁfﬁ;[*uL.the'posslbLe hazard associated with inhalation of DGEBA.
E SRR 1:. Based on*the nalf—llfe for “he degradation of C~-DGEBA 1in
-infa;fj: !L” 51mu1at6d gastric fluld (t 1/2 = 70 min) and for the absorption

B R U A radloact1V1ty following oral admldlstratlon (£ 1/2 = 42

;};;; }fi_{,. | nln), over a tanird of the orally admlnlstered lqc—DGEBA wonuld

iU be degradea in the gaﬂtralntestlnal tract. Once absorbed,

;ff;jﬁﬁ¢"~;f;:;‘-0*dlly admlnletereu l.C-DGEBA must pdass through the liver to
f:?fff;"3f7’f¢'reach.fhe rest of the body. The liver plays a major role in
ﬂiiff;jf;?:if?i the excretion of 14C DGEBA as evidenced by the fact that 85%

Tgﬂﬁffjﬁfiiﬁé;;;Fof the 14C-DGLBA a&mlnlstered lntravenously was excreted in

:c;ﬁﬁﬁﬁiﬂgﬁfif}f~the bile within 24 hr._ Based on thesp observatlonq it is not'
FooAT ST surprlsing that there are SLgnlfzcant dlfferences in the

SO T fate of orallj and 1ntravenously admlnlstered 4anGE”A.

"*;:‘:‘t:: L :u: ':' :“:‘r:"."t‘? ".I‘ .: * e " '=; rf' '*-*' . K sa’ '.r.,* . . : .‘. - '_ o + o e to - . " a P R - "_-‘ . i
ffhhﬁf;fw The problems encourtered in tryzng to generate an atmDSphere
R : suztable for a 51pgle_exposure klnetlc study confirm previous
'.‘:}: . : s o - o ) _' | r ':-;_;_'_'*.__I-_-'__..:e'..‘__;:." S i : ‘ o Vi - a - o <
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